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(51) Int. CP. H01L31/10 

and whose resolution is high ^^^^^^on laver 11 whose conductivity type 
CONSTITUTION: A deletion-layer formation ^^^^^^^^ U ^^.^ ^^^^^^^^^^ 

is opposite to that of a semiconductor ^^^^^trate i is lor 

expansion region 16 is '"^^•."^"^"^^^"nSd to the depletion layer ipfc^S^*- 
S'a^io" ~6'?r"o^ i'J^rSSari aroo.. the pho.odetec.ion . 
elements. 




4: carrier. 13: electrode. 



(54) PHOTOELECTRIC CONVERSION DEVICE 
(11) 4-240783 (A) (43) 28.8.199^ ua; Jf 

KSU°SH1?IVS?C WORKS LTD (7Z) TAKURO NAKAMURAO 
(51) int. a: H01L31/10,H01Ul/04 

PURPOSE: TO provide a Photce^^^^^^^^^^^ 

a resistor part on a substrate in 3^'°" conventional cases. 

and whose number of P'-f '^vTr "on devL by tSs invention is constituted 
CONSTITUTION: A Photoelectric conversion devi^^^ ^ thin-film 

in such a way that a photoelectnc^^^^^^^ 




(54) ULTRAVIOLET LIGHT-EMITTING ELEMENT 
(11) 4-240784 (A) (43) 28.8.1992 (19) JP 

1?!! Mm^ELECtS ?Ni,fTD (72) YOSHIKI NISHIBAYASHI(2) 
(51) Int. CP. H01L33/00.H01L21/205 

PURPOSE: To provide a solid-state element which is small-sized and lightweight 
and which generates ultraviolet rays. , j structure: a diamond film 

CONSTITUTION: The element has the foll^^^^^^^^^ ^ 
whose carrier concentration is 1°^ is usea as s diamond. An electric 
is sandwiched between a p-type diamond and an n type ^^^^.^^ 
current is made to flow from ^^P'^^^^ 'f^Yamo^d laye^^^ are injected 

concentration is low ^nd to an -i-type diamon^ the p-type layer into the low- 
Serdiard^la^e^rfn i^Td^ect^aSol fs caused Sy the action of electrons, 
holes and phonons; ultraviolet rays are generated. 
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(54) ULTRAVIOLET LIGHT-EMITTING ELEMENT 

(57)Abstract: 

PURPOSE: To provide a solid-state element which ts 
small-sized and lightweight and which generates 
ultraviolet rays. 

CONSTITUTION: The title element has the following 
structure: a diamond film whose carrier concentration 
is low is used as a light-emitting layer, and it is 
sandwiched between a p-type diamond and an n-type 
diamond. An electric current is made to flow from a 
p-type layer to the diamond layer whose carrier 
concentration is low and to an n-type diamond layer. 
Electrons are injected from an n-type layer and holes 
are injected from the p-type layer into the low- 
carrier diamond layer; an indirect transition is caused 
by the action of electrons, holes and phonons; 
ultraviolet rays are generated. 
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■& BE ^ tc i TJ?5E?$ n/i{£5:KI»*«SSJ5fe ^ 

•5 ic: L 1 i *»ai-r i«n««3tt«^ . 

£r * «fe 5. »c C t * t T 5 «n»«3t«^ . 

J: o > SsSftJ b «>«>1?* * ^ ^ 
JHl. 2**UJi3lcK«<?5»^««Jt«^. 

[0 0 0 1 1 
[0 0 0 2] 

T{Jiit#*%7t«?-Ji««vo-3»4. »e 

S: « yfc r -5 « it 5^ ^ '^ - H tjsc f iffl n-c i-i 

[0 0 0 31 3-39 TnmCDififi 



;) #M¥4 - 2 4 0 7 8 4 

2 

<0««Sifi&i^o. 1 3~2 0 0 nmc;5tj(D€r3!^9V, 2 
0 0-3 9 7 nmcOfe<75S-jfi^^<i:''^'5' ^^^1*^^^ 

(7) u V y ^ 7 -f CO « is t u T w 5 n T i ^ ^ . 
[0 0 0 4] mu. m^m^^^^^^^i^^'^' ®^ 

(S R)t) 

ni^':>\zm^mn^zmiiivsi^^\z$twk[.rmmr^ 
L't:f«iffl-rst>©75^»*« zni^(r>^Miz^^mn-mt 

[0 0 0 51 SR7t}it'-AS*«W<> /"^^-Ai:*:^^^ 
CO 0 0 6] tiUfcH^^t-Tt^x^JP^J-mSroffiv^®^ 
±T $ 4 i o U ;S 1+ n J'f J^t t' ^ . 

JO 10 0 0 71 LA»US*E<^<tC^WaT::*:ffitt<WSS^1-« 

» £-r * W i u -c *»J&3t#S0« iffl ^ S H G 
(0 0 0 81 itis>(*:r5ien»*«±3-ti-4yin6{cii/'C> 

tOTc-BN (ji:»SaSfbd^'t'm) Srfflt^fcp-nffi 

Appl. Phys. Lett..5 3. (198 
8) . p9 6 2 

anTt>-5. ttWSPl - I 0 2 8 9 3 (HI. 4. 2 

o> -e*-5. cnny-f -t^vH^PUtSi-r^xu-i^ 

50 «E*91ftl-r-5. »Jt5^<^-Hfrs«^li. «ffi/ 



-428- 



3 

[0 0 0 91 nmmi^<onT^t>my^y'^>i'i^'&^ 

■5 (?5T » fe<?5itA^'T <!: t ^ ^) <73 T » S . 
CO 0 1 01 

[0 0 113 iltra2**IBBa 1 - 1 0 2 8 9 3ti5'-f-\'^> 

SBJtOtf-i'JiM 5 0 nm (2. 7eV) ^ 
O*0»fe»7tLj!)^tl33^C<'^ 3 0 0 nmJ^TiOiS 

* *iE?L i S*S ^ 5 ^i- 5» ^ ^ ^ * ^ "^"^ * 
[0 0 12] 

IJSlft & 6gi* J: ^ Ttfc«W:*:ffi«<^ ^SS<^'>'S''^»W 
0 2 8 9 3SiH-*-- • r^-t:y5'(Bia»€'fi6^'C"<'**- 

u *^ u -tnT ax - <;5 fBi u3S?i-» * tiiT =. t ^i^-e 



3) t#W^4-2 4 0 7 8 4 

4 

[0 0 1 31 *^^#!srfli*a»^«-5'5:»^t^t^^- 

(D5. 5e V{:jav^X^JU*-<7))tS:ffiT-<i:*^'^?** 

I. i <!: ^ ;t b n T > -5 <?5 T * 5. . 
W 10 0 1 41 LA^UIIf55«=*<2I^R«t=»i"^^^l^> 
(photon) C75*(ia?. IE?L. x'T^^fiE^-* 

to 0 1 51 ^;^t>t^SS^sri:li»)tSl::^^S5^. 
-P _ qi (4 ^ T y 5^ ip ?i I ^ t ^ ^ ^ c <h r * 

a^-r={£i^x^;u=«i-<;53ts:tii-r^7tai»^-r5- 

^ ii3SnS«tl5T i lis* < w 

[0 0161 ^zx:^nm<n9^9^i0in^^^ii^ ^^<^ 

ffl«ll;4^e>pSlii^^«=«. ni{*W«J»T8E*. PSS. 

^ 1< 4£ ^ U t^X ^- <?5^*« ^"^ 

[0 0 171 ^jtJii:LT«3''f-^^>HcDn5M«pli 
•^'^^ H±«5 1)/^> y ^^A^'JEi'^^ai^TfcSc^^A^ 

0 o » «E 5»tt* n + r 'J ■^'a A A<T s t e, 
RBro^l»0?S:t^f««Kro5''f -^^^^ 
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(4) 



#0B¥4 - 2 4 0 7 8 4 



[0 0 18] ^.^tWSSH-^S i O: <r)jcoti.'^l^m'&V> 

5 <n T in(i+ii-»< < r {±;i b ir^. 

10 0 191 

<D J: -5 C A > H ^P-*- -y :/?>^l£v»fc*Ktt««t=fl^1"?> 

iaaEfewJi^^-f ■^*> Hrtis*wc*«nti 4 0 orwT 

» 5 or Hai«tt«?5«n)t <7) t ^£ -5 . 
[0 0 2 01 3 4CJ<-f ■\'-t>h'o»*ew*ti2 ow/ 
cmKT. S I <7)*!J2 0«T«4. rL^fcabtt^ftttCfll 

X^-^G a A s 3ftU--tf<0t- h •> > »r ffi^>nTV> 

10 0 2 1 1 7tlti:a-ife=fc-5fwfBl«a^S!T?*-5^''r 
^ t > K <n /^•> K =Pr -y :/ffltf)»»S:e ^ S •» 4 fc* 

i!?mt /t-;!»'^«ia«.« (1 0 0-2 0 ot:) c^jv^rt. 

[0 02 2] 

>HR2. />H-7'5^<-\'^>h-IS3, U >*W3^'f 
•V'*>HfBl4*fiSftS-tt. 1?D>Sj!lQ5'-f-V=Er> KW2 
tU >SWiy'f-V^>H«l4®J:irT 1 «ffi5«:ff^J«L 

5 » I ± C P S « e » tfl 1 1 1 T « » « IC a > Sr ^ 
in U t > HSI 2 * 7 ^" p « 7 C V D 

;l^>»«( CH, /H« ) 696 



;l?n>«flE (B: Hs /CH4 ) aOOppra v/ 
EE^ 40Torr 

/7n«£/-5'7- 4 0 0W 

Bi^3}D3''i:-\'^> 0. Sum 

(0 0 2 31 (2> *cf83tatLT(75/ >K-:^i«ait 

5< < r t > Hl» 3 S: -e -f □ iSET* 7 X V C V D ffilCi 
(CH. /Hj ) 1 096 

w fummm (02 /hz ) 5% 

40Torr 
-r-f ^ni(6/-<9- 4 00W 

[0 0 2 4] a 2E<S»C-E-(0±tw'J >*aStJIlLfcnll<0 

>ii'>»iK (CH4 /Hs ) 6% 
«J>ai« (PHj /CH4 ) SOppm 
20 &ij 40TO r r 

T-i^a^/^U- 4 0 0W 

ij >ai*l5^'f •\'^>KSISiP 0- 2 urn 

(0 0 2 51 €) a 1 C0<t5t'y > H--/y-f A'^^ K 
1113 i: 'J ^^fiP^^-f A'^r^ HSI4 W-SS^X-y^V.i' 

0. 2 um<0ai$J3»s8t^fc. 

[0 0 2 61 rf<a>S»«CD«ffi(C«|05 5 0 VOS/WT 

50 ?^<Oi||®;6^^W«^$r^J'?tiiT8ll:er^>ta2(Di-5;4 
«^t-»®«JtX'^i' <nm) , 

««ftti«jt?as«rtt.«a«o-cjn-r. 2 6 0 nml;t^- 
^^ ot* r t-^ « c t 4. 
[0 0 2 71 mmm 2) H3ic3?-rj:^/i»3t« 

40 (0±tc, -?-Yi7o»:/5X^CVDKfw<i:-pT. 5t^n> 

:>t*'>»aE (CH» /Hz > 6 96 

4?n>«flE (B2 H« /CH. ) 2 0pDm 
•J> «8E {PHi /CHi ) lOppm 

4 0 T o r r 
V-fjrDift/t7- 40 OW 

50 (0 0 2 8l<2) -tc^Jifr'J >*ttl3^-f -V^^ KIB*-r 
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- 2 4 0 7 8 4 



:^9>mm (CH. /H2 ) 
•J>iiJ» (PHj /ch* ) 



6 % 
5 0 p pm 

4 0 T o r r 
4 0 OW 
0. 2 Ktn 



10 0 2 9] aLr:^nm<ni^9^m^Mm±t>^-?^^ 

a4f::wnS-inr. 4 0 0 nmtze-i^ 
ti^^y^^ir h;P-C«*. «5tO:*:a^^«3 5 0-45 
0 nmCO^-C, 3 0 0 ntnKilT<D«^«Be5^li'>^i''*** 

!j<a>«l* (B2 H. /CH. ) 

^-f ^:'^^S^A7- 
B K-::^i^^-V'*> HIS* 

A*. 

>15'>«« (CH* /Hi ) 
iS3tl«« (O. /H» ) 

y > H - -V^ > KBS» 

[0 0 3 21 ® a^tc-^■oJ:fcu>^•-":^<^^''f•^''£* 

^i^'^ilK (CH* /Hi ) 
<PH» /CH, ) 

® ij > F-^y'f-\'^> H«4©±JrT i ««5, X 
10 0 3 3] crofejt«^i-sg*3s*.WiB_'>jo^it=£ 



ia5©«^S»A5»iA/i/i*i:#Abn^. LJii-UCa^, ... . 
> K ^ r v 7'co iS^i tJtjH^h-Tf-t y iTfla^*^:^ 

(0 0 3 01 3) msiZTnrj^ofzn^m 



6 % 

3 3 0 ppm 
4 0 T o r r 

4 0 OW 
0 . 5 iim 

3«[oo3ili2> z(r>±.iz/y\'--fi^^^'^>^^'^ 



1 0% 
5% 

4 OTo r r 
4 0 OW 
0. 7 iim 



6% 
SOppm 
4 OTo r r 
4 0 OW 
0. 1 
10 0 3 4] 

50 ■5t)<r)T*4. 



<*5B1P 4 - 2 4 0 7 8 4 



to 0 3 51 5^1" -V^ > H«l£'vW\-> )i^^y-f^i^-D 

«!i£f5fiwinifi»?:f«jffl-r4 t>®rjsj^»$:^-r* c <h*< 

[0 0 3 61 *^BB(/)S^n^3R^}l'bS€*;it®*«i' 



[@iS<offiW<j:ie«l 

IB 11 *li6?gcO«JS«C«««^«H85t*^ro«»fiS 

[0 2] 0 i(7)«7t*^»cj:-5a)t;^'^^? 

[S3] 2tt^^c;>»2<o||«^llc«K'5«n*SSiat«i=^cr) 

[041 H3(7>»JtJR^»wiS«}tX'^i? h>l.S. 

[0 51 *:il^(OS3OT*igWt:*>*»*«^«BS3t5R^ 

1 «^^s^ 

4 g>m/]By-fi'^> H« 

6 'J >^ttiy'f •\r^> KIR 

8 p^¥«ias« 



[0 2] 



[0 3] 





It » 



[0 51 
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(7) 
[13 4] 



m. 




»*l!B3|t4- 24 0 7 8 4 
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